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Nanotube-polymer Solar Cells - an Alternative to Silicon 
Nunzio Motta, Eric Waclawik, Roland Goh, John Bell 
 
Abstract 
Developing an inexpensive, renewable energy source is one of the most important 
scientific and technological challenges of our time. Solar energy is an inexhaustible 
energy source that could be harnessed to meet our growing energy needs in the future. 
However traditional photovoltaic (solar-to-electric conversion) technology is deemed 
too expensive to be a serious alternative to fossil fuels and even other competing, 
renewable energy sources. A significant leap in scientific and technological 
advancement of renewable energy sources will be required to displace proven, but 
unsustainable energy production methods.  
Nanotechnology is driving exciting new developments in photovoltaic technology. 
Advances in organic synthesis and characterisation techniques allows us for the first 
time to coax a photocurrent from organic, ‘soft’ molecules in a process that mimics 
photosynthesis in plants, potentially opening the way for cheap, ubiquitous solar cells. 
We present in this paper our studies of the self organisation of conducting polymers 
and light harvesting organic dye molecules on carbon nanotubes, and show how these 
nanohybrid materials can be incorporated in a rationally designed “plastic” solar cell.  
 
Introduction 
Power production with zero greenhouse gas emission is economically and 
environmentally desirable. Direct photovoltaic conversion of sunlight into electricity is 
therefore a highly attractive alternative to unsustainable energy sources such as fossil 
fuels. Although silicon solar cells have gained considerable market share and 
commercial success, high production and up-front installation costs still limits their 
commercial viability. We are exploring the use of low-cost advanced materials for 
photovoltaic energy production and the mechanism of photovoltaic action in a new 
class of solar cell, heterojunction photovoltaics. These are constructed from a thin 
film of a cheap composite material, a mixture of carbon nanotubes and conductive 
polymer. To improve the efficiency of light harvesting in these devices, dye molecules 
like Naphtalocyanine (NaPc) can be added to the mixture. We have performed 
Scanning Tunnelling Microscopy measurements on thin films made from these 
composite materials in order to understand the adhesion of polymers and dyes to 
carbon nanotubes. Results show that poly(3hexylthiophene) molecules wrap in an 
ordered fashion around nanotubes. This is the first building block of solar cell 
construction.  
 
Carbon nanotubes 
Carbon is a versatile element and can form many different structures, graphite, 
diamond and fullerene (a bucky-ball formed by 60 carbon atoms in the same pattern 
as a soccer ball) are just three examples. Graphite is a form of carbon that consists of 
easily cleaved layers of carbon atoms which are bonded together in a honeycomb-like 
fashion. The bonding arrangement in graphite causes it to be a semimetal, which is 
electrically conductive. When a single sheet of the carbon honeycomb is rolled, it is 
possible to generate seamless carbon cylinders (termed nanotubes). Carbon 
nanotubes can be either metallic or semiconducting, depending on their diameter and 
chirality (the rolling direction) [1]. They can be single-walled (SWNT) or multi-walled 
(MWNT), depending on the number of sheets that are rolled together. Their 
diameters span from 2 to 10 nm for the single walled, and 5 to 100 nm for the multi-
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walled variety. Carbon nanotubes are produced in different ways, including arc-
discharge, laser annealing, and Chemical Vapor Deposition (CVD) [2]. While their 
diameters are the same approximate size as a small organic molecule, they may be 
produced in lengths of up several centimetres. Carbon nanotubes have surprising 
physical properties therefore, like exceptional strength, very high thermal conductivity, 
and ballistic (without scattering) conduction of electrons along the tube [2]. They can 
be used as fibers to enhance the strength of materials, as conductors, as field emitters 
for plasma, etc.  
 
Fig 1. Rolling a graphite layer (graphene) into a single-walled nanotube.  
 
Nanotubes functionalisation 
Carbon nanotubes are considered the prime candidate for enabling molecular 
electronics. To make them useful however requires doing something to their sidewalls 
since they readily bunch into ropes and bundles and are not soluble in any solvent [3]. 
Since their initial discovery by Iijima [4], there has been enormous amount of work 
done on functionalising both the ends and the sidewalls of carbon nanotubes to 
modify their intrinsic properties, chief among these being to increase their solubility in 
common solvents to facilitate subsequent processing that would allow device 
fabrication.  
Covalent functionalisation (making and breaking covalent bond) of the sidewalls 
can modify the electronic and absorption properties of the nanotubes by disrupting 
the extended p-networks of the nanotubes [3]. It is therefore attractive to consider 
binding through non-covalent interactions without disrupting the perfect sidewall 
structure of nanotubes. Phthalocyanines with peripherally attached alkyl chains 
(CnH2n) absorb strongly on highly oriented pyrolytic graphite (HOPG) forming well 
ordered arrays [5,6]. Most importantly the alkyl substituents do not affect the optical 
and electrical characteristics of the phthalocyanines [6].  
Polymer wrapping have also been explored as a non-covalent way to solubilise 
carbon nanotubes e.g. suspension of single-walled nanotubes in solution of poly(m-
phenylenevinylene-co-2,5-dioctyloxy-p-phenylene vinylene) (PmPV) [7,8,9]. Polymer 
chains wrapped around the surface of SWNT disrupts the strong van der Waals and p 
– p forces that causes individual tubes to aggregate into bundles. Indeed composite 
materials so derived are interesting technologically with early products such as 
Organic-LED (OLED) and solar cells already being demonstrated [10,11,12].  
Dye-sensitisation has proven to be very successful in that dye-sensitised solar cells 
(DSSCs) have an extended wavelength range of efficient light absorption and thereby 
photocurrents are generated over most of the sunlight spectrum. The ‘optimised’ 
conjugated polymer/single wall carbon nanotubes (CP/SWNT) blend cells currently 
absorb over a limited spectral region. Incorporation of photoactive dyes that absorb in 
the visible region of the solar spectrum and that minimally affect the carbon 
nanotube’s electronic properties into such a device could be a solution to improve 
efficiency. Proof of this principle came recently with carbon nanotube being sensitised 
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with naphthalocyanine (NaPc), resulting in a 20x increase in photocurrent of a poly(3-
octylthiophene)/NaPc/SWNT solar cell [12]. 
 
STM studies 
The Scanning Tunnelling Microscope (STM) is a device capable of imaging surfaces 
with atomic resolution by using a tiny metallic tip. For instance, both graphite and 
carbon nanotube sample’s atoms can be directly visualised with an STM. Little 
systematic investigation with scanning tunnelling microscopy has been performed to 
visualise the polymer conformation on nanotubes to date [14,15]. Details of the 
contact between carbon nanotubes and the conjugated polymer that makes up the 
active layer of the solar cell critically determines the heterojunction photovoltaic’s 
performance. This structural information is very important to develop heterojunction 
devices. The only known attempts to image polymer organisation on single-walled 
carbon nanotubes (SWNT) did not obtain detailed conformation of polymer 
attachment to a SWNT. 
We have studied in our laboratory the wrapping of a conjugated polymer 
poly(3hexylthiophene) (P3HT) around nanotubes by a series of  Scanning Tunneling 
Microscopy measurements.  
A solution of the polymer was prepared using chloroform as solvent. 5% of single 
walled nanotubes were added to the solution and stirred in ultrasound. Films were 
prepared by casting a drop of the solution onto surface of freshly peeled graphite. The 
drop is observed to dry within seconds and then imaged by STM.  
Near atomic resolution can be obtained on some tubes. Figure 2a shows such a pair of 
tubes, and the box marks the area where atomic resolution can be observed. These 
tubes are about 4 nm in diameter. From these images we believe that only one 
monolayer of polymer is wrapped around these tubes. In Figure 2b (a high resolution 
zoom of the boxed area) a periodicity of ca. 8 Å is observed, which fits well a recent 
model [16] explaining the arrangement of P3HT molecules onto a graphene surface. 
The proposed arrangement of the molecules on the nanotube is depicted in fig 2c. 
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Fig 2. a) STM image of  twin nanotubes of 4nm diameter. b) zoomed and filtered image of single 
tube (boxed region in (a)). c) Arrangement of the P3HT polymer around the nanotube. 
 
Solar cell construction 
In conventional solid-state photovoltaic cells three different tasks are generally 
expected to be fulfilled simultaneously by the material. Light absorption to generate 
electric charge carriers, charge carrier separation and charge transport to the 
electrodes. We use a mixture of a stable photoactive light absorbing dye molecule with 
carbon nanotubes introduced to a conjugated polymer matrix to perform these tasks. 
Charge separation at the interface, electron transport through the carbon nanotube 
acceptors and hole transport from the dye to the polymer backbone is expected to 
occur. In this system, differences in workfunction between outer materials (metal 
contacts) will create the necessary asymmetry to cause electric charges to flow and 
inject into the contacts to the external circuit. The general device geometry and 
method of fabrication is as follows. Transparent FTO coated glass (conducting glass) 
is to be used as bottom electrode. The composite material dissolved in chloroform or 
toluene and sonicated. The active layer can then be deposited by spin coating from the 
solution. Complete device is obtained by depositing the top metal electrode by either 
evaporation or sputtering techniques. It is easy to see the attractiveness of Organic 
Solar Cells (OSCs) from the fact that the fabrication procedure is this simple and 
inexpensive. 
 
Conclusions  
We have analysed the mixing of nanotubes, polymers and dye molecules, in view of 
creating the building blocks for Heterojunction Photovoltaic devices. We have imaged 
by STM the arrangement of a P3HT polymer around the nanotube, showing that the 
 (b) 
(c) 
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polymer wraps around the tube in a regular and ordered fashion. New Organic Solar 
Cells based on these materials will be cheap and simple to fabricate. 
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